The genus Solanum includes important vegetable crops and their wild relatives. Introgression of their useful traits into elite cultivars requires effective recombination between hom(e)ologues, which is partially determined by genome sequence differentiation. In this study we compared the repetitive genome fractions of wild and cultivated species of the potato and tomato clades in a phylogenetic context. • Methods Genome skimming followed by a clustering approach was used as implemented in the RepeatExplorer pipeline. Repeat classes were annotated and the sequences of their main domains were compared.
INTRODUCTION
The genus Solanum includes various important vegetable crops, such as tomato and potato, and wild relatives that contain useful traits for introgression into elite crop cultivars (Bradshaw et al., 2006; Hajjar and Hodgkin, 2007; Grandillo et al., 2011; Ramsay and Bryan, 2011; Castañeda-Álvarez et al., 2016) . However, genetic resources may not be directly usable due to limited crossability caused by pre-and post-zygotic hybridization barriers (Camadro et al., 2004; Jansky, 2009; Grandillo et al., 2011) . Once these barriers have been overcome and a fertile hybrid progeny obtained, the next challenge is to ensure that homoeologous chromosomes pair and recombine. Even then, local loss of collinearity may cause linkage drag, where undesirable alien traits remain completely linked with the traits of interest. These difficulties are largely related to the degree of genome differentiation between the crop and its wild relative, which means that the higher the differentiation, the harder it is to introgress genes of interest from the donor to the recipient genome.
Divergence between two genomes can be explained in terms of large-scale structural differences and of nucleotide-level differences, particularly of repetitive DNA sequences. Structural differentiation of genomes with chromosome rearrangements, such as inversions or translocations, may hinder recombination and increase linkage drag or cause (semi-)sterility. In addition, rapid evolution of tandem and interspersed repetitive elements can be a major factor in reduced pairing between homoeologous chromosomes in hybrids between related species (Dvorak, 1983) . Various aspects of genome differentiation between related species do not necessarily go hand in hand with their phylogenetic relationship.
Phylogenetic relationships within the genus Solanum have long been under debate. In particular, the tomato and potato clades, which diverged 7-8 Mya, are well defined (Rodriguez et al., 2009; Särkinen et al., 2013) . The tomato clade started diversifying only 2 Mya, while the potato clade did so 7 Mya (Särkinen et al., 2013) . Solanum etuberosum, which is frequently included in phylogenetic analyses of these groups, has a debated position with respect to these two clades: originally it was included within section Petota (Hawkes, 1990) but later it was included in section Etuberosum together with other nontuber-bearing species (Spooner et al., 2014) , a sister clade to both the tomato and the potato clades (Rodriguez et al., 2009) .
Despite their relatedness, the genomes in the tomato and potato clade species have evolved in different directions. Tomato and its close relatives exhibit more macro-and micro-genomic rearrangements (Seah et al., 2004; Van Der Knaap et al., 2004; Tang et al., 2008; Anderson et al., 2010; Szinay et al., 2010 Szinay et al., , 2012 Verlaan et al., 2011) , whereas the potatoes and some of their wild relatives have maintained higher chromosome collinearity (Lou et al., 2010; Gaiero et al., 2016) . Potato species are more syntenic with species belonging to other sections in Solanum and other genera of the Solanaceae (Lou et al., 2010; Peters et al., 2012; Szinay et al., 2012) , which suggests that the species in the tomato clade present a more derived state of genome organization. Large-scale chromosomal and smallscale DNA rearrangements are caused by active transposable elements (TEs), which promote chromosomal breakages and subsequent rearrangements (McClintock, 1946; Bennetzen, 1996 Bennetzen, , 2000 Kidwell and Holyoake, 2001; Raskina et al., 2008; Belyayev, 2014; Bennetzen and Wang, 2014) , thus contributing to genome divergence. Their repeat profiles can give information on the phylogenetic relationships within and between clades.
For evolutionary studies of the repetitive fractions of the genome, two strategies can be used as proxies. One of them is the ability of genomic in situ hybridization (GISH) to discriminate parental genomes in hybrids, while the other is through differences in genome size. GISH has been successfully applied to hybrids between cultivated tomato and Solanum peruvianum or Solanum lycopersicoides (Parokonny et al., 1997; Ji and Chetelat, 2003; Ji et al., 2004) . Among potatoes, this genome painting strategy permits the distinction of parental chromosomes in interspecific hybrids between Solanum tuberosum Group Tuberosum and non-tuber-bearing potato relatives carrying the E genome (Matsubayashi, 1991) , such as Solanum brevidens (Dong et al., 2001 (Dong et al., , 2005 Gavrilenko et al., 2002; and S. etuberosum (Dong et al., 1999; Gavrilenko et al., 2003) . GISH was not able to distinguish the parental chromosomes in hybrids between potato, S. tuberosum Group Phureja and its closer A-genome tuber-bearing wild relatives such as Solanum commersonii (Gaiero et al., 2017) . The lack of GISH differentiation suggests that a major part of the repetitive sequences among their genomes has not differentiated enough, in spite of the estimated 7-Myr divergence in the potato clade (Särkinen et al., 2013) . The second proxy for the evolution of repetitive sequences is genome size. Genome size values are on average slightly higher for species in the tomato clade than in the potato clade (see Table 1 ), although there is considerable variation among tomato species (Grandillo et al., 2011) . The processes of genome size increase and reduction can be largely explained in terms of different dynamics of expansion/removal of repetitive elements (Feschotte et al., 2002; Leitch and Leitch, 2013; Belyayev, 2014) . These dynamics may differ among related clades or individual species giving rise to variable degrees of divergence in the repeat composition of related genomes (Novák et al., 2014; Kelly et al., 2015; Macas et al., 2015) .
The processes shaping the repeat composition of related plant genomes can be inferred by conducting a detailed study of the repetitive DNA in various species within a clade and across related clades. The availability of high-thoughput sequencing (HTS) data for tomato, potato and their wild relatives allows us to compare their repetitive fractions. There are two classes of TEs: class I or retrotransposons with an RNA intermediate and a 'copy-and-paste' mechanism and class II or DNA transposons, with DNA as intermediate and with a 'cut-and-paste' transposition mechanism. Class I is divided into two subclasses, those flanked by long terminal repeats (LTR retrotransposons) and those without or with short terminal repeats (non-LTR retrotransposons) (Finnegan, 1989) . The classes and subclasses are further divided hierarchically into order, superfamily, family and subfamily (Wicker et al., 2007; Piégu et al., 2015) . TEs can thus be annotated and their relative abundances in related genomes determined. TE classification and abundances carry phylogenetic signal (Dodsworthet al., 2015a) and have successfully been used to answer phylogenetic questions in the tomato clade (Dodsworth et al., 2016) . From the structural point of view, the genome of S. etuberosum shows many rearrangements with respect to both potato and tomato (Lou et al., 2010; Szinay et al., 2012) , but a recent analysis shows much greater genome collinearity with the potato lineage than with the tomato lineage (M. E. Schranz, unpubl. res.). We expect TE analysis to provide further evidence of the relationship of this species to the tomato and potato clades.
The aim of this study is to elucidate differentiation of major repetitive sequence classes between and among species belonging to the tomato and potato clades of the genus Solanum in terms of their dynamics and evolutionary processes. We compared the classes of repetitive sequences of cultivated and wild species belonging to those clades and we assessed whether the composition of this genome fraction in S. etuberosum is more similar to that found in the tomato or in the potato clade.
MATERIALS AND METHODS

Taxa sampled, genome size determinations, DNA isolation and sequencing
We included 13 taxa from three sections of the genus Solanum including seven taxa from the tomato clade (section Lycopersicon), five from the potato clade (section Petota) and S. etuberosum (section Etuberosum). For some of the taxa we obtained sequence data from the 100 Tomato Genome Sequencing Consortium, www. tomatogenome.net (Aflitos et al., 2014) , or from various research groups (Table 1) . Genomic DNA of S. commersonii and Solanum chacoense was extracted from approximately 2.5 g of fresh etiolated leaf tissue samples using the nuclei enrichment protocol described by Bernatzky and Tanksley (1986) , slightly modified. Libraries were prepared using the Nextera Library Preparation Kit (Illumina) and were sequenced on an Illumina HiSeq2000 sequencer at Applied Bioinformatics, Wageningen University and Research, for S. commersonii (100-bp paired-end reads) and on an Illumina HiSeq4000 sequencer at The Beijing Genomics Institute (BGI) for S. chacoense (150-bp paired-end reads). Nuclear DNA measurements were performed according to Doležel and Göhde (1995) . Propidium iodide (PI, 50 mg mL -1 ) was used to stain nuclei and tomato (2C = 1.96; Doležel et al., 1992) was used as an internal standard. Three DNA estimations were carried out for each plant (5000 nuclei per analysis) on three different days. Nuclear DNA content (2C value) was calculated as sample peak mean/standard peak mean × 2C DNA content of the standard (pg).
Repeat identification from sequence data
We sampled the raw sequence data using the SEQTK command (https://github.com/lh3/seqtk) with a seed of 10 to reduce the genome coverage to 0.1× for all species, and different numbers of paired-end reads sampled depending on the genome size. All sequence reads were then trimmed to the same length (75 bp) and filtered by quality with 95 % of bases equal to or above the quality cut-off value of 10. We employed the similarity-based read clustering method for reads from each species compared to themselves as described by Novák et al. (2010) as implemented in the RepeatExplorer pipeline (https://repeatexplorer-elixir. cerit-sc.cz/; Novák et al., 2013) . We used the pipeline default parameters and included a database of Solanum repeats which was available at that moment from The Plant Repeat Database (currently out of service; http://plantrepeats.plantbiology. msu.edu/index.html). The clustering was performed using the default settings of 90 % similarity over 55 % of the read length. This analysis resulted in the clustering of overlapping reads, and these clusters represented different families of repetitive sequences. Reads within individual clusters were also assembled to form contigs, representing sequence variants of corresponding repeats. For the comparative analyses we performed an all-to-all similarity comparison across all species following the same approach. Each set of reads was downsampled to represent 1 % of each genome (i.e. coverage of 0.01) based on 1C values (Table 1) . Samples from each species were identified with the three-letter prefixes mentioned above (Table 1) , and concatenated to produce datasets as input for RepeatExplorer (Novák et al., 2013) for graph-based clustering. From these data sets, the pipeline retrieved 5 757 692 reads.
Repeat classification
We performed basic repeat classification using a combined approach that involved similarity searches with DNA and protein databases, as implemented in the RepeatExplorer pipeline (Novák et al., 2013) , and improved it by including a custom Solanum repeats database. Clusters that were not classified in that way could be annotated by the examination of cluster graph shape and by similarity searches using BLASTN and BLASTX against public databases (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The detection of subrepeats in assembled contigs was performed by similarity dot-plot analysis using a sliding window of 100 bp and similarity cut-off of 40 %. All these sources were combined and used for final manual annotation and quantification of repeats from clusters that represented at least 0.01 % of the investigated genomes. Overall repeat composition was calculated excluding clusters of organelle DNA representing contamination of nuclear DNA preparations by chloroplast and mitochondrial DNA.
Sequence conservation across repeats
We compared the relative abundance of the largest clusters and we also investigated the graph representations of individual clusters with the SeqGrapheR program (Novák et al., 2010) in order to identify protein domains and sequence variants derived from each species or clades as parallel paths in the graph.
RESULTS
Repeat proportion across all species
We estimated repeat proportions in the genomes of all species through comparative clustering in RepeatExplorer. Combined, the repeats identified for each species represent between 22.24 % (Solanum cardiophyllum) and 45.12 % (Solanum arcanum) of the total genome for each species (Table 2) . There is a high correlation (r 2 = 0.84) between repeat proportion and genome size (Fig. 1 ). There is also a clear grouping of potato clade species with lower genome sizes and tomato clade species with larger genomes.
Comparative analysis of major groups of interspersed repeats across and within clades
The repetitive fractions of the genomes of all species are composed mainly of LTR retrotransposons. A high proportion of these LTR elements remained unclassified in the tomato clade. Among those that we could annotate, Ty3/Gypsy elements were the most abundant ( Fig. 2A) , mostly those belonging to the Chromovirus lineage (Table 2) . Although these elements are highly prolific in all species, they show significant variation in abundance, with some species having as much as twice the relative content as the others such as S. tuberosum Group Tuberosum vs. S. cardiophyllum (Table 2 ). In the case of tomato and its relatives, the most frequently observed were Jinling elements (Supplementary Data Table S1 ), which were almost undetectable in the potato clade.
When analysing individual sequence clusters, some of the largest represent Ty3/Gypsy elements, three of them belong to the Chromovirus lineage (Fig. 3A) . Several of the most abundant LTR elements including Chromoviruses occur in higher numbers in the potato than in the tomato clade; however several variants (clusters 8, 11 and 12) appear only in the tomato clade (Fig. 3A) . We plotted the relative abundance of all clusters annotated as Ty3/Gypsy in descending order from the largest to the smallest for potato species compared to tomato and its wild relatives (Fig. 3B) . We found that in potato species a higher proportion of Ty3/Gypsy repeats belong in a few large clusters, while in the tomato clade repeat sequences are more evenly distributed among smaller clusters (Fig. 3B) .
Some types of repeats are more variable among potato species, such as the Caulimovirus type of Pararetroviruses ( Fig. 2A) . In terms of abundance Caulimoviruses represent only 0.17 and 0.19 % of the genome of cultivated S. tuberosum Group Phureja and Tuberosum, respectively, but their occurrence is almost ten times more prevalent in the wild potatoes (S. cardiophyllum, S. commersonii and S. chacoense, Fig. 2A and Table 2 ). On the other hand, they show comparable levels of abundance ranging from 0.50 to 0.70 % of the genome across all tomato species ( Fig. 2A and Table 2 ).
Comparative analysis of major groups of tandem repeats across and within clades
Wild potatoes have three-to six-fold lower proportions of tandem repeats than the cultivated potatoes (including satellites, rDNA and telomeric repeats). This discrepancy is mostly caused by one satellite repeat that shows high homology with the satellite CL14 (Torres et al., 2011 ) when compared to the Solanum repeats database. This satellite is virtually absent in wild potatoes but it is conspicuously abundant in the tomato clade. The two largest clusters in our comparative analysis represent variants of the satellite element CL14 that are only present in the tomato clade (Fig. 3A) . Cluster 3 is a variant of the rDNA 45S tandem repeats only present in the tomato clade. Satellite St18 is far more abundant in cultivated potatoes than in the remaining species (Fig. 2B) , while St3-58 has a much higher genomic proportion in tomatoes than in potatoes and notably is absent in S. etuberosum and S. cardiophyllum. We also found some lineage-specific tandem repeats, such as a 334-bp satellite that is only present among tomato and its wild relatives, a 90-bp satellite that is more prevalent in wild potatoes, and satellite element CL34 which is present in the potato clade except for S. cardiophyllum and the outgroup species S. etuberosum ( Fig. 2B and Table S1 ).
The relative abundances and the patterns of presence/absence of different repeat elements in the genome of S. etuberosum are more similar to those found in the potato clade. However, S. etuberosum does show some species-specific elements, such as two satellites with 163-and 260-bp repeat units representing 0.32 and 0.22 % of the total genome, respectively ( Fig. 2B and Table S1 ).
Taxon-specific repeats
We identified a total of 58 clusters present in the tomato but not in the potato clade with a maximum genomic abundance of 4.2 %. Among these, the single cluster classified as Helitron was only found among tomato species (Table 2) . Tomato-clade-specific repeats include many Chromoviruses belonging to supercluster 7 and among the Ty1/Copia, many Tork elements (Table S1 ). Twelve clusters found in the potato species could not be detected in tomato species; however, among these, the maximum genomic abundance was only 0.8 %. Solanum cardiophyllum lacked some repeat types that were found in low abundances in other potato species. None of the species-specific repeats identified among the rest of the potato species was significantly abundant (Table S1 ).
Sequence divergence of the repeats across clades
We compared the sequences appearing in the tomato and potato clades and S. etuberosum in two of the most abundant shared clusters for which we could identify coding domains. Variants were evidenced by alternative paths in the cluster graph layouts (Novák et al., 2010) . Cluster 5 (Fig. 3A) was the largest Ty3/Gypsy Chromovirus cluster for which we were able to identify the reverse transcriptase (RT), RNase H (RH) and integrase (INT) domains in the graph layout (Fig. 4A) . These domains were conserved across clades; however, we observed alternative narrow paths for the linking sequences in species belonging to the potato and tomato clades (Fig. 4B) . For the largest Ty1/Copia cluster (CL25) we identified reads coding for the RT and RH domains (Fig. 4C) , but no alternative clade-specific paths were observed in this case (Fig. 4D) . In both cases, the paths observed in S. etuberosum (blue dots in Fig. 4 ) coincided with those of the potato species.
DISCUSSION
In this work we compared the classes, families and lineages of repetitive elements across representative wild and cultivated species of the tomato and potato clades using consistent sequence sampling strategies in order to generate equivalent data sets for each taxon. The combined data set allowed us to interpret the different evolutionary dynamics that have shaped the present composition of the repetitive fraction of the genomes of these groups of species in the current phylogenetic context. The lack of abundant species-specific TEs among the potato species probably explains the difficulty in discriminating their genomes using genome painting techniques such as GISH (Gaiero et al., 2017) ; however, our analysis has identified unique clusters in some tandem repeats across these clades which can be useful as cytogenetic markers.
Genome size variation and repeat content
The similarity between the genome sizes of species in the potato clade to the modal value of 600 Mbp for angiosperms (Dodsworth et al., 2015b) was in sharp contrast to the values found in the tomato clade ranging from 905 to 1200 Mbp. The correlation between repeat content and genome size shown in Fig. 1 is comparable to correlations published for other genera (Uozu et al., 1997; Neumann et al., 2006; Piégu et al., 2006; Zedek et al., 2010) , tribes such as Fabae (Macas et al., 2015) and across the angiosperms (Kidwell, 2002; Vitte and Bennetzen, 2006; Bainard and Gregory, 2013; Lee and Kim, 2014) . The observed differences in repeat proportions indicate that the genomes in the tomato and potato clades must have reached a different balance between TE insertion and removal processes since their divergence from their common ancestor.
Tomato species contain more degraded or truncated elements (e.g. solo LTRs) that were identified as LTRs without further classification or that remained simply unclassified. The resulting degraded repeats constitute what is sometimes called genomic 'dark matter' and are the result of sequence removal from full-length elements by ectopic recombination (Lee and Schatz, 2012) . For the species that had been analysed previously (S. arcanum, S. habrochaites and S. pennellii), Aflitos et al. (2014) suggested that the unique portion of their genomes is roughly the same. Our results show that different abundances of some satellite repeats and a significantly higher proportion of unclassified elements largely explain the rest of the genome size increase in the tomato species.
Interspersed repeats
The most abundant repeats in our study were the LTR-type retrotransposons, particularly the Ty3/Gypsy elements. This higher abundance has already been reported using very different approaches for potato and tomato BAC-end sequences (Datema et al., 2008) , tomato chromosome 6 (Peters et al., 2009 ) and the assembled genomes of tomato (The Tomato Genome Consortium, 2012), S. pennellii (Bolger et al., 2014) , potato (Xu et al., 2011 ) S. commersonii (Aversano et al., 2015 and S. chacoense (Leisner et al., 2018) . Tomato and potato LTRs are hypothesized to be the product of large-scale amplification events that took place about 2.8 Mya (The Tomato Genome Consortium, 2012), possibly as a result a large-scale epigenetic change and massive bursts of transposable element activity (Belyayev, 2014) .
Ty3/Gypsy elements were, on average, more frequent in the potato species than in the tomato species with the exception of the Jinling elements. These were the most abundant classified Ty3/Gypsy elements found in tomatoes. The presence and distribution of these TEs in tomatoes has already been described. Jinling elements are located in the pericentromere heterochromatin where they are thought to have spread 5 Mya (Wang et al., 2006) , during the radiation of the tomato clade after its divergence from the potato clade (Wang et al., 2006; Särkinen et al., 2013) . The largest clusters classified as Ty3/Gypsy in potatoes were 30-50 % more prolific than in the tomato clade. In tomatoes, they were more evenly distributed across sequence clusters than in potatoes. This higher sequence divergence across Ty3/Gypsy elements in tomato species as a whole probably reflects different dynamics of this type of TE in the two clades and independent amplification events of different sequence variants within each clade, as shown for Chromovirus CL5.
The Ty1/Copia elements were more abundant in tomato species than in potato species. Manetti et al. (2009) proposed that the Copia element insertion frequency, but not their abundance, may be correlated with the mating system. In the potato clade, diploid species are self-incompatible (Hawkes, 1958) . Within the tomato clade, although we did not find a clear relationship between mating system and repeat content, selfing species such as S. lycopersicum, S. habrochaites or S. pimpinellifolium had the lowest repeat abundances and consequently their genome sizes were the lowest among tomatoes and similar to those of potatoes.
Our study used unassembled sequences because we focused on building deliberately equivalent datasets for all the species analysed to compare the relative abundance of repeats. For several of these species, information is available about repetitive sequence distribution and insertion site preferences in those genomes that have been assembled and thoroughly studied cytogenetically. In potato pachytene chromosome complements, there is a large number of chromomeres in the euchromatin, while in tomato, euchromatin is relatively free of such chromomeres in most of the chromosomes (cf. Ramanna and Prakken, 1967; Ramanna and Wagenvoort, 1976; Wagenvoort, 1988; our own obervations) . Chromomeres correspond to repeat-rich regions in the genome assemblies of potato (Xu et al., 2011) and tomato (The Tomato Genome Consortium, 2012) . In the tomato chromosome 6, Ty1/Copia elements are more abundant in the gene-rich short-arm euchromatin and Ty3/Gypsy repeats are preferentially localized in the heterochromatin, both in the pericentromere and in small-sized chromomeres (Peters et al., 2009) . Interspersed repeats may have caused chromosomal breakages leading to structural rearrangements (Gaut et al., 2007; Belyayev, 2014) in the genomes of the tomato clade. Our approach did not allow us to associate chromosome rearrangements with repeat localization, whereas large-scale changes followed by removal of repeats by unequal recombination (Gaut et al., 2007; Xu and Du, 2014) in the tomato clade might have produced the large amounts of truncated and unclassified LTR elements we found. Peters et al. (2012) described such mobile elements at the synteny breakpoints with the potato and pepper genomes. Rearrangements have occurred Table 1 for species codes.
between chromosomal fragments located in the pericentromere heterochromatin (Verlaan et al., 2011) and other repeat-rich regions (Seah et al., 2004) . Lineage-specific transpositional bursts and ectopic recombination might have been responsible for the chromosome rearrangements found among tomato species but which have not taken place in potatoes and their wild relatives.
Tandem repeats
Tandem repeats, including satellites, occurred in the tomato clade at a higher abundance than in the potato clade (Fig. 2B , Table 2 ). This class of repeats has been thoroughly described in both clades of Solanum, showing variation in location and abundance (Rokka et al., 1998; Tek et al., 2005; Chang et al., 2008; Zhu et al., 2008; Brasileiro-Vidal et al., 2009; Szinay, 2010; Torres et al., 2011; Gong et al., 2012; He et al., 2013; Sharma et al., 2013; Tang et al., 2014) . The patterns of occurrence are more evident when looking at the largest clusters, particularly satellite DNAs. The most abundant satellite in the tomatoes, CL14 (Torres et al., 2011) , was originally described for potato and its relatives and has 99 % sequence identity with the PGR1 repeat (Tang et al., 2014) . In our results, the CL14 elements were much more frequent in the tomato clade and displayed a sequence variant that is not present in the potato clade. Although our analysis does not reveal major dissimilarities in the types of tandem repeats described across clades, the quantitative differences produced specific profiles for each clade consistent with the notion of an ancestral 'library' of satellite sequences, which were differentially amplified in each clade, as proposed by Fry and Salser (1977) .
Phylogenetic context
Among potatoes, the distantly related S. cardiophyllum showed the most obvious divergence within the potato clade, which is coherent with its position as an early branching species in the 1EBN group. However, we found a sharp contrast between cultivated and wild potatoes. The most Table 1 for species codes. (B) Relative abundance of clusters containing LTR elements of the Ty3/Gypsy type, arranged from the largest to the smallest clusters in potato species (green bars) and tomato species (red bars).
striking difference is the overall much higher proportion of tandem repeats in cultivated potatoes. Interspersed repeats also showed differences, with 5-6 % more Ty3/Gypsy elements in cultivated potatoes and twice as much Caulimoviruses in wild potatoes. Amplification of a certain type of repeat can occur rapidly and even in a few marginal populations within a species (Belyayev, 2014) . It is possible that Caulimoviruses underwent amplification after the divergence of cultivated and wild potatoes, or that a selective bias against them (Kidwell and Lisch, 2001 ) arose in domesticated potatoes. It remains to be tested whether domestication processes themselves underlie these differences. The repeat profile of S. etuberosum was more similar to that of potato than to tomato species although a few TE types show unique patterns, particularly Caulimoviruses. The ten-fold higher abundance of this type of TE in S. etuberosum and possible sequence variants in other elements probably explain why GISH results have allowed discrimination between S. tuberosum and S. etuberosum chromosomes in hybrids (Dong et al., 1999; Gavrilenko et al., 2003) . In terms of structural genome differentiation, S. etuberosum sometimes shares collinearity with potato species and sometimes with tomato species, while certain chromosome arms are entirely rearranged with respect to both clades (Lou et al., 2010; Szinay et al., 2012) . Here we showed that the relative abundance and the patterns of presence/absence of repeats in S. etuberosum were more similar to those found in the potato clade than in the tomato clade. Moreover, S. etuberosum sequences were also more similar to those of potato species in the analysed TE clusters. Given the phylogenetic relationships among these clades, sequence similarity between TEs in potato and S. etuberosum is probably plesiomorphic. Tomato clade-specific sequence variants may have propagated by independent transposition after its divergence from the common ancestor of both clades and S. etuberosum.
Our results are congruent with the current phylogenetic hypotheses for these clades within the genus Solanum. At this point, we cannot establish causal relationships between the constitution of the repetitive fraction of the genome and the different paths that genome evolution has taken in the tomato and potato clades. In spite of this, the patterns we observed and our current understanding support the notion that the dynamics of repetitive elements may be related to the underlying mechanisms that have driven tomato and potato genomes in different directions.
SUPPLEMENTARY DATA
Supplementary data are available online at https://academic. oup.com/aob and consist of the following. Table S1 : Output from the annotation of all the repeat classes and lineages across all species in the potato and tomato clade, plus S. etuberosum. The relative genome abundance for each cluster was calculated and the length of the cluster (in Mbp) was estimated where nuclear DNA content was known. All relative abundances for the same repeat type were added up for further comparisons across species and clades. 
